We treat the noise-activated escape from a one-dimensional potential well of an overdamped particle, to which a periodic force of fixed frequency is applied. Near the well top, the relevant length scales and the boundary layer structure are determined. We show how behavior near the well top generalizes the behavior determined by Kramers, in the case without forcing. Our analysis includes the case when the forcing does not die away in the weak noise limit. We discuss the relevance of scaling regimes, defined by the relative strengths of the forcing and the noise, to recent optical trap experiments.
, would yield a periodically modulated system [5] , of the sort that has not yet been fully analysed. A complete treatment of the escape of an overdamped particle from a 'sloshing potential well' of this sort would surely be desirable.
Smelyanskiy et al. treated this phenomenon perturbatively, in one dimension [6] . They derived a Kramers prefactor incorporating 9 , the periodic forcing strength. It applies if the ratio 9 @ ) A ¦ is set to a constant as ¦ B 3 5 . That is, the forcing is taken to die away in the weak-noise limit. Lehmann et al. [7] treated nonperturbatively the case when 9 is independent of ¦ , using path integral techniques, and worked out a numerical scheme for computing the 9 -dependent prefactor. They also examined the 'instantaneous escape rate', which in the steady state is a 6 C 7 -periodic function of time. In a simulation of a special case (a well with a perfectly harmonic top), they noted that in the weak-noise limit, the instantaneous escape rate maximum cycles slowly around the interval D E 5 G F ¤ 6 C 7 H 1 . In this Letter, we go beyond [6] and [7] . By treating the case
is an arbitrary nonnegative power, we determine the relation between their respective scaling regimes. In the weak-noise, weak-forcing limit, there are three physically important length scales near the oscillating well top, of sizes proportional to is ¦ -independent, we use facts on noise-induced transport through unstable limit cycles to illuminate the logarithmically slow 'cycling' phenomenon [8] . We compute the instantaneous escape rate as the flux over the oscillating well top, which is an unstable limit cycle. This differs from [6] , where the flux through a remote observation point is used. At any
, our normalized escape rate oscillates periodically in . We compute the period, and give a physical explanation.
More importantly, we place the case of ¦ -independent periodic forcing firmly in the Kramers framework, by determining how the Maxwell-Boltzmann distribution is modified, in the boundary layer of width
near the oscillating well top. As , it approaches the modified distribution of Kramers [1] . The case when 9 Y § ¦ in the weak-noise limit is intermediate between the case of ¦ -independent forcing and the case of zero forcing, and its boundary layer structure is intermediate too.
Scaling Regimes.-Initially, we work in terms of dimensional quantities. The Langevin equation for a driven Brownian particle in a potential well
Here is the damping, a dimensional measure of the driving, a dimensionless periodic function of unit amplitude, and l a standard white noise. In the overdamped (large-) limit, the inertial term can be dropped, leaving quantity is the diffusion length: the distance to within which the particle must approach, to acquire a substantial chance of leaving the well.
If a periodic force is applied, a second length scale becomes important. . In the steady state, the probability density é of the particle will have the limiting form
The prefactor . Within the well,
, the model defined by the Langevin equation (2) is invariant under time translations. So the optimal trajectory from
is a reference optimal trajectory, consider the family
where the phase shift . In the Kramers limit of any model with È nonzero but small, the most probable escape trajectory should resemble some trajectory of the form (6) . That is, some ü ¥ ¤ will be singled out as maximizing the chance of a particle being 'sloshed out'. A study of the 
It is reasonable to average the Arrhenius factor 
as 8 5 7
. This would seemingly suggest that
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